High-mobility group A1 (HMGA1) proteins belong to a group of architectural transcription factors that are over-expressed in a range of human malignancies, including pancreatic adenocarcinoma. They promote anchorageindependent growth and epithelialmesenchymal transition and are therefore suggested as potential therapeutic targets. Employing in vitro selection techniques against a chosen fragment of HMGA1, we have generated biostable L-RNA oligonucleotides, so-called Spiegelmers, that specifically bind HMGA1b with low-nanomolar affinity. We demonstrated that the best-binding Spiegelmers, NOX-A50 and NOX-f33, compete HMGA1b from binding to its natural binding partner, AT-rich doublestranded DNA. We describe a formulation method based on polyplex formation with branched polyethylenimine (PEI) for efficient delivery of polyethylene glycol-modified Spiegelmers and show improved tissue distribution and persistence in mice. In a xenograft mouse study using the pancreatic cancer cell line PSN-1, subcutaneous administration of 2 mg/kg/day NOX-A50 formulated in polyplexes showed an enhanced delivery of NOX-A50 to the tumor and a significant reduction of tumor volume.
successfully targeted with a Spiegelmer, a large structured molecule that is comparable with a monoclonal antibody in terms of specific target binding.
Spiegelmers (German: Spiegel = mirror) are structured biostable L-oligonucleotides that differ from their aptamer counterparts in their sugar moiety, which consists of mirror-image L-(deoxy)ribose rather than D-(deoxy)ribose and makes Spiegelmers highly resistant to nucleases (11, 12) . Spiegelmers have already been described to potently act as inhibitors in vivo (13) (14) (15) and have proven to be exceptionally safe in two Phase I clinical studies (unpublished results).
Here we report the generation of a Spiegelmer, binding to HMGA1 with high affinity. Employing the SELEX process (16), we first isolated RNA aptamers that bind to the mirror-image configuration of a 21 amino acid long HMGA1a/b fragment. The chiral counterpart to the aptamer, the corresponding Spiegelmer (L-RNA) binds to recombinant full-length HMGA1b and also competes HMGA1b from its naturally occurring binding partner (AT-rich double-stranded DNA).
To target intracellular HMGA1 we established a delivery system based on polyethylenimine (PEI). Branched PEI has been described to facilitate cellular uptake by condensing nucleic acids and the cationic carrier into complexes suitable for endocytosis (17) (18) (19) . PEGylation of the nucleic acids sterically prevents aggregation of polyplexes and balances binding to negatively charged proteoglycans on cell surfaces, thus enhancing transfection efficiency and reducing unspecific effects (20) .
Using the PEI-based delivery system HMGA1-binding Spiegelmers were formulated as polyplexes. The polyplexes were characterized in vitro and also used in a xenograft tumor growth model using the pancreatic adenocarcinoma cell line PSN-1 (21) . Distribution of the formulated Spiegelmers to the tumor was strongly enhanced and tumor volume of the treated animals was significantly attenuated compared to control groups.
EXPERIMENTAL PROCEDURES
Peptides and Oligonucleotides-The biotinylated all-D-21mer HMGA1b fragment (AcHMGA1a/b (Lys-AEEAc-AEEAc-biotin)OH) was custom synthesized (BACHEM, Bubendorf, Switzerland).
Oligonucleotides were synthesized using standard phosphoramidite chemistry: DNA library: 5'-GGAGCTCAGACTGGCACGCTG-N 40 -CAGCA-CAAGTTGTCGGTTCCAC-3'; forward primer: 5'-TCTAATACGACTCACTGAGCTCGACTGG-CACGC-3'; reverse primer: 5'-GTGGAACCGA-CAAC-TTGTGC-3'; NOX-A50: 5'-GGCUGAUA-CGUGGGUGGAUAUGGGGCAGUCAGUGGG-UGUUUCAGCC-3'; NOX-f33: 5'-GGAUCGCA-GGGGCGUGGCUGGGGUGGGCGAUCC-3'. As control substances the respective reverse sequences (5'-and -3'-end exchanged) called rev-NOX-A50 and revNOX-f33 as well as an L-RNA with an arbitrary sequence 5'-UAAGGAAACUC-GGCUGAUGCGGUAGCGCUGUGCAGAGCU-3' (control SPM) were used. NOX-A50 and the control Spiegelmers were modified with a 2 kDa polyethylene glycol (PEG) moiety via a 3'-aminohexyl linker as described (15) when used for polyplex formation. The biodistribution analysis was done employing a plate-based sandwich hybridization assay. Therefore, a capture-probe (5'-NH 2 -TTTTTTTTTAGCTCTGCACAGCGCT-3') and a detect probe (5'-CCGCATCAGACCGAGT-TT-CCTTATTTTTTTT-Biotin-3') complementary to the 5'-and 3'−ends of the control SPM, respectively, were prepared. For NOX-A50 5'-CCC-AT-ATCCACCCACGTATCAGCCTTTTTTTT-NH 2 -3') (capture probe) and 5'-Biotin-TTTTTTTTGG-CTGAAACCACCCACATGG-3' (detect probe) were used.
Preparation of recombinant HMGA1b-HMGA1b from the BD-Freedom TM ORF clone GH00552L1.0 (BioCat, Heidelberg, Germany) was cloned into the pHO2d vector (a kind gift from Dr. Henning Otto, Freie Universität Berlin, Germany) to generate a C-terminally His6-tagged form under control of a T7-promotor (22) . It was expressed in E. coli strain BL21 and purified using HIS-Select-columns (Sigma Aldrich, Schnelldorf, Germany). The HMGA1b-His6 fusion protein differs from the native HMGA1b in position 2 (Ser to Gly exchange) and Leu-Gly-Ser-Leu-Asn-SerHis6 was added to the C-terminus.
In vitro Selection and pull-down assaysAutomated and manual in vitro selection experiments were performed against the biotinylated 21 aa mirror-image peptide, representing a central sequence of HMGA1a/b in selection buffer resembling intracellular ion conditions and pH (25 mM Tris/HCl, pH 7.0, 140 mM KCl, 12 mM NaCl, 0.8 mM MgCl 2 and 0.1 % Tween 20) at 37 °C (13, 23, 24) . Pull-down assays were carried out as described (13, 23, 24) .
Surface plasmon resonance measurementsThe Biacore 2000 instrument (General Electric, Fairfield, CT, USA) was set to 37 °C 500-1000 RU of recombinant HMGA1b-His6 were immobilized on a CM5 sensor chip by NHS/EDC coupling (Amine Coupling Kit, General Electric). Kinetic parameters and dissociation constants were determined after a series of Spiegelmer injections at concentrations of 1000, 500, 250, 125, 62.5, 31.25, 15.63, 7.8, 3.9, 1.95, and 0 nM in selection buffer or in 'extracellular buffer' (20 mM Tris/HCl pH 7.4, 150 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , 1 mM CaCl 2 , and 0.1 % Tween 20). The assays were double referenced. Using the BIAevaluation 3.0 software applying Langmuir 1:1 stoichiometric fitting algorithm the association (k a ) and dissociation rate constants (k d ) were determined by local fitting and the dissociation constants (K D ) were calculated accordingly.
Isothermal titration calorimetry (ITC) measurement-Recombinant HMGA1b (24 µM) was titrated to NOX-A50 or revNOX-A50 (2.4 µM) in a VP-ITC machine (General Electric) in selection buffer at 37 °C. The number of injections was set to 40 with a volume of 3 µl, a duration of 6 sec, a spacing of 300 s, and a filter period of 16 s with a stirring speed of 300 rpm. Data analysis was performed with VP-ITC 2000 Evaluation Software.
Competitive assay for the inhibition of the HMGA1b-dsDNA interaction-Spiegelmer from 1 nM to 10 µM was incubated at 37 °C with 0.36 µg/ml recombinant HMGA1b in binding buffer (25 Spiegelmer-PEI polyplexesPEGylated Spiegelmer at a final concentration of 20-100 µg/ml was rapidly mixed in HBG buffer (5% (w/w) glucose, 20 mM HEPES pH 7.1) with 25 kDa branched polyethylenimine (PEI, SigmaAldrich) at various N/P ratios (N/P = molar ratio of PEI nitrogen to RNA phosphate). Polyplex formation was measured by RiboGreen (R-11491, Molecular Probes, Leiden, The Netherlands) exclusion assay as described (26) .
Proliferation assay-0.5-1x10 4 PSN-1 cells (ECACC, Salisbury, UK) (21) were seeded in 96-well plates (Sigma-Aldrich) 16-24 h prior to Spiegelmer polyplex treatment. The cells were cultivated for 0, 1, 2, or 4 days at 37 °C and 5% CO 2 . 10 µl of 0.44 mM Alamar-Blue (Resazurin) (Sigma Aldrich) in PBS was added, incubated at 37 °C for additional 2 hours and fluorescence was measured using a plate reader at λ ex/em = 544/590 nm.
Tissue distribution in tumor-bearing miceStudies were performed at EPO (Berlin, Germany). 10 7 PSN-1 cells were injected subcutaneously in the flank of nude mice (NMRI nu/nu , age 6-8 weeks, n = 4 per group). The 3'-PEGylated control SPM and polyplexes thereof were injected subcutaneously daily near the tumor site from days 5 to 25 at a dose of 10 mg/kg (Spiegelmer part only). Animals were sacrificed 24 and 96 h after last treatment (n = 48 per timepoint). EDTA plasma was prepared from terminal blood, tumor and selected organs were dissected. The tissues were homogenized in hybridization buffer (0.05 M trisodium citrate, pH 7.0, 0.5% (w/v) SDS) and centrifuged. The supernatant was used for determination of Spiegelmer levels. Therefore, DNA-BIND plates (Corning Co-star, Corning, NY, USA) were pre-incubated with capture probe (0.75 nM) in coupling buffer (500 mM Na 2 HPO 4 , pH 8.5, 0.5 mM EDTA) at 4 °C overnight, washed with coupling buffer, blocked with 0.5% BSA at 37 °C for 1 h, and finally washed with hybridization buffer. Plasma or homogenized tissue supernatant was incubated with 2 µM detection probe, denatured at 95 °C for 10 min, transferred to the prepared DNA-BIND plate and incubated at 40 °C for 45 min. After washing the plate with hybridization buffer and Tris-buffered saline containing 0.1% Tween 20 (TBST) the bound Spiegelmer was detected by adding a 1:5000 dilution of streptavidin-horseradish-peroxidase (Promega, Mannheim, Germany), incubating at 20 °C for 1 h, and washing two times with TBST and assay buffer (20 mM Tris/HCl pH 9.8, 1 mM MgCl 2 ). Next 100 µl of READY-to-use substrate (Applied Biosystems, Carlsbad, CA, USA) was added, incubated at 20 °C for 30 min and chemoluminescence was measured using a plate reader.
Xenograft tumor growth model-Studies were performed at EPO. 10 7 PSN-1 cells were injected subcutaneously in the flank of nude mice (NMRI nu/nu , age 6-8 weeks, n = 8 per group). NOX-A50-3'-PEG or revNOX-A50-3'-PEG Spiegelmers (100 µl, 2 mg/kg) in PEI-polyplexes (N/P 2.5) or vehicle (PBS) were injected subcutaneously near the tumor cell inoculation site daily from days 6 to 22. Tumor volume and body weight were measured three times a week. Animals were sacrificed 24 h after the last injection and EDTA plasma was prepared from terminal blood. Furthermore, kidneys, liver, and tumor were harvested to determine Spiegelmer concentrations.
Statistical analyses-Nonlinear regression analysis and statistical significance evaluation (Student's t-test) was performed using GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA). IC 50 values, rate and equilibrium constants are reported as mean ± SEM of multiple independent experiments. The tumor sizes in the xenograft treatment study are presented as box-and-whisker plots (27) . (Fig. 1) . Secondary structure predictions (28) suggest a stabilizing stem structure formed by the 5'-and 3'-termini flanking these motifs (Fig. 1) . Based on this prediction we truncated the primerbinding sites. The affinities of these truncated aptamers to the selection target range from 8-22 nM and are comparable to the full-length ap-tamers. Without substantial loss in affinity sequence 132-B3-001 could be further reduced to the smallest aptamer (132-B3-003) again confirming the predicted stem structure. Further truncations to stems shorter than seven nucleotides, however, resulted in considerably reduced affinity.
RESULTS

In vitro selection of aptamers binding to
Determination of Spiegelmer affinity to recombinant HMGA1b. The most frequent motif 2 aptamer (NOX-A1-001) and the shortest motif 1 aptamer (NOX-B3-003) were synthesized as Spiegelmers (NOX-A50 and NOX-f33, respectively). The affinities of NOX-A50 and NOX-f33 to recombinant HMGA1b are comparable to those of the corresponding aptamers to the biotinylated D-HMGA1b(Glu36-Lys56) fragment as determined by SPR measurements at 37 °C under intracellular buffer conditions: NOX-A50 binds to immobilized recombinant HMGA1b with an association rate of 2.67 ± 0.15x10 4 M -1 s -1 and a dissociation rate of 1.90 ± 0.09x10 -4 s -1 whereas NOXf33 displays a faster association rate with 5.87 ± 0.87x10 4 M -1 s -1 and a slower dissociation rate of 3.18 ± 0.55x10 -4 s -1 . The resulting dissociation constants are 7.13 ± 0.85 nM for NOX-A50 and 2.44 ± 0.36 nM for NOX-f33 (Fig. 2) . Binding evaluation of the Spiegelmers under extracellular buffer conditions did not show any difference in binding kinetics or affinity. Both Spiegelmers showed a 1:1 Langmuir binding kinetic with little unspecific binding contribution. Control Spiegelmers revNOX-A50 and revNOX-f33 showed only weak unspecific binding with an approximate dissociation constants of 3-5 µM (data not shown). The specific binding of NOX-A50 to recombinant HMGA1b was also confirmed by isothermal titration calorimetry (ITC) measurement at 37 °C. In this assay, which does not require immobilization of one binding partner, NOX-A50 binds HMGA1b with a K D of 18 ± 9 nM, whereas revNOX-A50 shows no binding (Fig. S1) .
Inhibition of recombinant HMGA1b-binding to AT-rich dsDNA. Employing a competitive platebased assay, NOX-A50 and NOX-f33 were characterized for their ability to inhibit binding of recombinant HMGA1b to AT-rich dsDNA, the natural binding partner of HMGA1b. Binding of 20 nM HMGA1b to biotinylated AT-rich dsDNA was inhibited in dose-dependently by NOX-A50 and NOX-f33 with IC 50 of 15.35 ± 1.20 nM and 22.21 ± 2.20 nM, respectively (Fig. 3) . revNOX-A50 and rev-NOX-f33, showed no significant inhibition up to a concentration of 300 nM (Fig. S2) . Due to its slightly better inhibition, NOX-A50 was selected for further studies.
Spiegelmer-PEI polyplex formulation and in vivo delivery. To target intracellularly localized HMGA1 proteins with Spiegelmers, a protocol for intracellular delivery based on the cationic polymer PEI was established. For proof of concept purposes a non-functional Spiegelmer with a covalently attached 2 kDa PEG moiety was used. This Spiegelmer was complexed with branched 25 kDa PEI at various N/P (nitrogen/phosphate) ratios The complexation rate was determined by a Ribogreen exclusion assay, which indicated that more than 95 percent of the Spiegelmer can be trapped in Spiegelmer polyplexes at N/P ratio of >2 (Fig. S3) . For subsequent studies, an N/P ratio of 2.5 was adjusted to achieve maximal complexation at minimal use of PEI.
To compare tissue distribution and persistence of pure Spiegelmer and Spiegelmer polyplexes regardless of any target-interaction, a multiple dose pilot study with control SPM was conducted in PSN-1-cell tumor-bearing mice. Animals showed no injection-site reactions, no significant loss of body weight or influence on tumor growth over the treatment period (data not shown). 24 hours after the last injection Spiegelmer and Spiegelmer polyplexes show comparable plasma levels. However, regarding tumor distribution Spiegelmer polyplexes lead to approx. 30-fold higher levels of Spiegelmer than administration of Spiegelmer alone. At 96 h a prolonged elimination time from plasma and tumor for Spiegelmer polyplexes compared to Spiegelmer alone was observed (Fig. 4) . No significant amounts of Spiegelmer were detected in other tissues with the exception of slightly elevated levels in kidneys (Spiegelmer and Spiegelmer polyplexes) and liver (Spiegelmers alone) (Tab. S1).
Inhibition of cell proliferation by Spiegelmer polyplexes in vitro. NOX-A50 and revNOX-A50 polyplexes were prepared to characterize their biological activity in vitro. The 3'-terminal 2 kDa PEG modification desired for the polyplex tolerability (29) does not influence the binding of NOX-A50 to recombinant HMGA1b as shown by the competitive assay for the inhibition of the HMGA1b-dsDNA interaction (Fig. S4) . Although Western blots confirm high levels of HMGA1a/b in the nucleus or perinuclear region of PSN1 cells, however, NOX-A50 polyplexes showed no significant reduction of PSN-1 cell proliferation compared with revNOX-A50 polyplexes. The observed (dose-dependent) effects were considered formulation-dependent and thus unspecific (data not shown).
Tumor growth study in mice with HMGA1b-binding Spiegelmer NOX-A50. The effects of NOX-A50 polyplexes on tumor growth were evaluated in a Xenograft mouse model with PSN-1 cell-derived tumors. In all animals an aggressive, but homogeneous tumor growth was observed. After 22 days the mean tumor volume in the vehicle-treated group was 2.4 ± 0.2 cm 3 (n = 8). Daily subcutaneous injections of 2 mg/kg NOX-A50 in polyplexes on days 5-22 showed a significant effect on the course of tumor growth, whereas nonfunctional revNOX-A50 polyplexes showed no significant influence (Fig. 5A) . After 23 days the animals were sacrificed due to ethical reasons (some tumors in the control groups exceeded 3 cm 3 ). Statistical endpoint analysis on day 22 revealed a significant (p = 0.0098) reduction of tumor growth by NOX-A50 polyplex treatment (tumor volume 1.4 ± 0.2 cm 3 ) compared to treatment with vehicle (tumor volume 2.4 ± 0.2 cm 3 ). This effect was sequence-specific for NOX-A50, since revNOX-A50 polyplexes showed no influence on tumor growth (tumor volume 3.0 ± 0.4 cm 3 , p = 0.0026 vs. NOX-A50 polyplex group) (Fig. 5B) . The analysis of NOX-A50 tissue distribution 24 hours showed comparable results to the delivery study with the control SPM polyplexes: High amounts of NOX-A50 were observed in the tumor, whereas only little amounts were detected in liver and kidney tissue (Fig. 5C , Tab. S1).
DISCUSSION
Employing an in vitro selection approach using a central fragment of the architectural transcription factors HMGA1a/b as a selection target, we have identified Spiegelmers that bind to recombinant HMGA1b with high affinity in the low nanomolar range and effectively prevent the binding of HMGA1b to its nuclear binding partner, i.e. AT-rich dsDNA. For targeting intracellularly localized HMGA1, an efficient delivery system based on complexation of Spiegelmers with branched PEI was established. Compared to unformulated Spiegelmers, such Spiegelmer polyplexes show enhanced delivery to the tumor tissue in vivo. The persistence of Spiegelmer polyplexes in tumor and plasma compared to unformulated Spiegelmer was efficiently prolonged. Most importantly, NOX-A50 polyplexes were capable to significantly reduce tumor volume of PSN-1 pancreatic adenocarcinoma cells in a mouse xenograft study.
This finding describes the first approach of targeting the intracellular protein HMGA1b with a large molecule using a formulation technique for an efficient intracellular delivery. HMGA1 proteins have already been suggested as therapeutic targets (5) and several studies demonstrated the importance of HMGA1 in tumor progression and metastasis (3, 6) . HMGA1a/b overexpression is a common feature of human malignant neoplasias, plays a crucial role in cell transformation and possesses oncogenic properties. Some controversy remains, however, since the appearance of a neoplastic phenotype in Hmga1 -/-and Hmga1 +/-mice revealed that HMGA proteins can also have a tumor suppressor function (30) .
Approaches with an adenovirus carrying the HMGA1 gene in antisense orientation resulted in reduced proliferation and apoptosis of cancer cells (31, 32) ; the adenoviral expression of antisense RNA particularly reduced the proliferation of human pancreatic carcinoma cell lines in vitro and dramatically inhibited the growth of cognate tumors after transplantation of the transfected cells into nude mice (33) . Down-regulation of HMGA1 by RNA interference resulted in accelerated repair of UV-induced DNA lesions in intact cells. This finding suggests that HMGA1 overexpression might play an important role in the accumulation of mutations and genomic instabilities associated with many human cancers (34) . However, these studies failed to show an approach that is transferable to pharmaceutical development so far.
Spiegelmer antagonists to a number of extracellular targets have been described (11, 14, 24, 35) . Two Spiegelmers have proven to be safe and well tolerated in Phase I clinical studies (unpublished results) providing evidence that the Spiegelmer technology is suitable to generate human medicines. However, the mirror-image approach that is needed to identify Spiegelmers includes the synthesis of a D-peptide as a target for the in vitro selection process. Due to the current limitations in solid phase peptide synthesis technology, larger D-peptide or D-protein targets are not always easily accessible as full-length molecules. The use of epitopes or fragments for in vitro selection can provide a solution. We have now shown that Spiegelmers selected against a central 21 amino acid long fragment of HMGA1a/b also bind to recombinant full-length HMGA1b with the same high affinity.
HMGA1 binding to AT-rich dsDNA is driven by three cationic "AT-hooks". The central AThook is always involved (5, 36) . Due to the choice of a fragment that includes this pivotal region, the affinity of the Spiegelmers to the HMGA1 fragment could directly translate into inhibition of HMGA1b-dsDNA binding. By further reasons of analogy, it is most likely that besides HMGA1b, the alternative splice product HMGA1a which also comprises the 21 aa fragment chosen for Spiegelmer identification, is recognized. Only few such fragment approaches for aptamers have been published to date (24,37,38).
Like antibodies, aptamers if intended for therapeutic purposes, generally target extracellular or membrane-bound proteins. Their use as intracellular inhibitors is so far limited, apart from the use of transient expression of RNA aptamers (so called intramers) inside mammalian cells involving gene therapy methods (39) . There are a number of hurdles to efficient intracellular action of oligonucleotides: Distribution, crossing of the cell membrane, endosomal acidic pH, endosomal escape while maintaining integrity against ubiquitous endo-and exonucleases. L-RNA-based Spiegelmers have the advantage to be nucleaseresistant and to be not as susceptible to acidic pH as DNA-based oligonucleotides so that distribution, crossing the cell membrane and endosomal escape were the remaining challenges.
PEI was identified as an effective transfection reagent for oligonucleotides also allowing an efficient escape of the payload from the endosome that is most likely driven by the "proton sponge" effect (40) . The combination of PEI formulation with PEGylation, either through a PEGylated oligonucleotide or the construction of a PEI-PEG copolymer was shown to reduce PEI-inherent toxicity and distribution issues (41) (42) (43) (44) (45) . On the basis of data published for modified antisense oligonucleotides (29, 42) , we established a protocol for intracellular delivery of 3'-PEGylated Spiegelmers by complexation with 25 kDa branched PEI.
At first, we report here the results of a multiple dose tissue distribution study with a nontarget-binding control Spiegelmer (control SPM) in tumor-bearing nude mice. The PEI-PEGformulated Spiegelmer was administered subcutaneously for 21 days. Bioanalytical analysis revealed successful delivery to the tumor and prolonged circulation in plasma compared to uncomplexed Spiegelmer. Only low amounts of the Spiegelmers delivered by polyplexes were detected in kidney, liver and spleen tissue, reflecting partly the route of clearance. These results are in good agreement with observations published for other oligonucleotides (29, 41, 46) . No accumulation of Spiegelmer was observed in the lung or heart tissue further supporting the finding that the functionality of PEI as a nucleotide carrier was improved by incorporating the non-ionic PEG into PEG-PEI copolymers thus avoiding unspecific accumulation of polyplexes e.g. in pulmonary capillaries (47, 48) . Furthermore, we have not observed any local or evident systemic toxic effects in the mice after the 21 daily injections.
In the treatment study PEI-PEG-formulated NOX-A50 was not only well tolerated as well but also slowed down growth of already established PSN-1-derived tumors in nude mice, thus suggesting efficient delivery of the Spiegelmer payload into the tumor cells. As expected, no effect on tumor growth was observed in animals that received revNOX-A50. Trapasso et al. reported that down-regulation through an antisense oligodeoxynucleotide led to decreased HMGA1 protein expression and to a reduced proliferation rate of pancreatic carcinoma cells in vitro. These PSN-1 cells pretreated with HMGA1 antisense oligodeoxynucleotides failed to form xenograft tumors in nude mice (33) . Liau et al. showed that downregulation of HMGA1 in pancreatic cancer cells by stably transfected shRNA vectors reduced proliferation in vitro and tumor growth in vivo (49) . They hypothesized that tumor HMGA1 status represents an independent prognostic marker and HMGA1 proteins are therapeutic targets in pancreatic adenocarcinoma.
Despite in vivo efficacy of NOX-A50 polyplexes, dose-dependent inhibition of PSN-1 cell proliferation in vitro could not be delineated to be HMGA1-specific since similar effects were observed with control Spiegelmer polyplexes. This may be due to unspecific cytotoxic effects of PEI potentially masking specific effects of NOX-A50 or NOX-f33. An association between HMGA1 expression and cell cycling in vitro had been shown by others using antisense constructs, i.e. phosphorothioate DNA without transfection reagents or adenoviral trancripts (3, 33) . Nevertheless, it is still under discussion whether HMGA1 has a direct influence on cell proliferation since others could find such strong association only with HMGA2 expression but not with HMGA1 (50) .
Spiegelmer NOX-A50 has been identified as a potent HMGA1 inhibitor. Using a PEI-based formulation approach the compound was successful in reducing tumor growth in a pancreatic adenocarcinoma xenograft mouse model, suggesting efficient delivery of the s.c. administered compound to the tumor and into the tumor cells. Thus, Spiegelmer-based HMGA1 blockade could potentially add to the so-far limited therapeutic armamentarium to fight pancreatic carcinoma in man. Further work will elucidate whether Spiegelmer polyplexes would also distribute to distant tumor metastases, and inhibit the growth of furtherpreferentially orthotopic -tumors in xenograft studies.
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